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Abstract 
The paper reviewed briefly the current situation of using the buildings which have solid brick wall as the main load-carrying 
structure in china. The experiment is carried out to study and analyze the consequence of the brick construction which resisted 
pressure under fire-water sprinkling and high temperature. Compared with the different conditions, the experimental test shows 
that the structure and the resistibility of the clay brick changes dramatically with constant fire-water sprinkling and increased 
temperature, that provides some primary data to relative fields. 
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1. Introduction  
The current construction system of countryside house and rural enterprises is almost used in the brick mixes 
structure, more than half of these buildings were constructed in the 80s to the 90s. With a long lifespan, the intensity 
of the brick mixes structure as the load-bearing system has changed [1]. Once has the fire, the mechanical properties 
of the clay brick will be great changes, and lose the supporting capacity with the process of disintegrating, the fire-
water sprinkling will speed up the collapse of the buildings in a short time. 
Back in the 50s, the domestic study had carried out to analysis the losing support capacity of the clay brick mixes 
buildings at high temperature, and more studies are carried out in recent years, but basically limited to the qualitative 
analysis [2]. The research to the relationship of the stress-deformation, temperature-deformation, and value of thermal 
and other physical parameters was not systematic, especially in simulating the situation of fire-water sprinkling to 
the clay brick at high temperature. In this study, the experiment aims to provide some primary data to relative fields. 
2. Experimental 
There are two kinds of clay bricks, green brick and red brick, the red clay brick which this article involves is a 
kind of material that mass-produced in rural area and used widespread in countryside house and rural enterprises. 
According to the situation of the clay brick mixes buildings collapse on fire, a damaging and strengthening test to 
clay brick caused by simulated fire high temperature and fire-water sprinkling is made, then load, stress and 
compression deflection are measured [3].  
 
Talbe1 Experimental clay brick description 
Clay brick Description 
Size L×b×h=110 mm×110 mm×50 mm 
Weight 1000 g 
 
          
Fig.1 Cross-section of clay brick 
50 
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In this experiment, obtained from the building site, nine red clay bricks were prepared by cutting into uniform 
size geometry, the description of which are shown in Table1 and Fig.1, and the cross-section of which is rectangle. 
Using the chamber electric furnace and universal test machine (as shown Fig.2), the test is carried out in different 
temperature, different constant temperature and different capacity of water sprinkling. 
 
               
Fig.2 Testing equipment in this experiment 
Take a clay brick as a sample, weighing its quality and using universal test machine to test its mechanical 
properties at different temperatures, collect the fragments of the brick after the compression and get the quality, then 
the debris rate X and the fragmentation rate α can be calculated as follows.  
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X1=M1/M0                                                                           ˄1˅
X2=M2/M0                                                                           ˄2˅
X=X1+X2                                                                             ˄3˅
α=˄M1+M2˅/˄M0ˉM1ˉM2˅                                                    ˄4˅
Where M0 is the quality of the sample brick before heated, M1 is the quality of the debris; M2 is the quality of 
main body after compression. 
3. Results and analysis 
The nine clay bricks were divided into three groups, each group had three bricks. Three bricks in every group 
were kept in 30 minǃ45 minǃ60 min of constant temperature. The first group kept 1000ć constant temperature 
without fire-water sprinkling, then the second group and the third group simulated the fire-water sprinkling after 
keeping 1000ć constant temperature, the capacity of the water were respectively 100 ml and 200 ml. 
All of clay bricks in three groups were tested on the universal test machine. The stress-strain situation of the brick 
could be obtained by universal test machine's auto-induction systems, and the output of measured values was 
recorded by the computer’s acquisition system connected with the universal test machine, calculated statistics are 
described in Table2.                                                          
 
Table2 Description of brick’s calculated statistics
C o n d i t io n  Q u a l i t y  / g  D e b r i s  r a t e  F r a g me n t a t i o n  r a t e  
T e mp  
/ć  
W a t e r  
s p r ink l i ng  
/ ml  
Constant  
temp/ mi n S a mp l e  M 0  M 1 M 2  X 1  X 2  X  α  
3 0  1  1 000 .0  — 2 34 .1 1 — 0 . 234 11 0 . 234 11  0 . 305 67  
4 5  2  1 005 .0  — 2 93 .9 7 — 0 . 292 51 0 . 292 51  0 . 413 44  0  
6 0  3  1 010 .0  — 3 72 .5 7 — 0 . 368 88 0 . 368 88  0 . 584 49  
3 0  4  1 010 .0  3 9 .81 3 12 .5 0 0 . 039 42 0 . 309 41 0 . 348 82  0 . 535 68  
4 5  5  1 000 .0  4 2 .37 3 49 .0 3 0 . 042 37 0 . 349 03 0 . 391 40  0 . 643 12  1 00  
6 0  6  1 005 .0  4 7 .09 3 55 .6 9 0 . 046 86 0 . 353 92 0 . 400 78  0 . 668 83  
3 0  7  1 005 .0  3 9 .98 3 69 .1 2 0 . 039 78 0 . 367 28 0 . 407 07  0 . 686 53  
4 5  8  1 000 .0  4 7 .47 3 94 .2 9 0 . 047 47 0 . 394 29 0 . 441 76  0 . 791 34  
1 000  
200 
6 0  9  1 000 .0  5 1 .43 4 17 .5 5 0 . 051 43 0 . 417 55 0 . 468 98  0 . 883 17  
 
3.1.  Use of the universal test machine to test the brick’s Compressive properties  
All of clay bricks were tested on the force versus displacement testing equipment, and the concentrate forces are 
loaded at practical upside of bricks, no restraint was provided against rotation along any axis. The representative 
failure modes are shown in Fig.3.  
 
                                                                                                       
Fig.3 Failure mode of rupturing 
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We waited a long time to keep the temperature of the brick uniform with 1000  in the chamber electric furnace ć
before experiments began. Simulations have been carried out to evaluate the performance of the failure model based 
on the experimental data in this work. Fig.4 shows comparisons of the stress-deformation between three groups at 
different fire-water sprinkling (100 ml and 200 ml) with different constant temperature time (30 minǃ45 minǃ60 
min).  
The results of the experimental data indicate that the brick deformed faster under different time of constant 
temperature, since there is no fire-water sprinkling (shown as Fig.4 a). As can be seen, the deformation pressure 
decreases with the increasing time of constant temperature. This is mainly because longer constant temperature 
results faster losing support capacity of the clay brick. Under the same condition of 1000  and constant ć
temperature time, the brick deformed faster with more fire-water sprinkling (shown as Fig.4 b). As can be seen, the 
deformation pressure decreases with the increasing capacity of water sprinkling. This is mainly because the brick’s 
surface distorted faster with the fire-water sprinkling under the high temperature, the changing surface makes the 
interface to the universal test machine smaller, then the press form the machine comparatively raised [4].   
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           ( a )  w i t h  n o  f i r e - w a t e r  s p r i n k l i n g  (1 0 0 0ć )                     ( b )  d i f f e r en t  f i r e - wa t e r  s p r i n k l i n g  (1 0 0 0ć )  
F i g .4  s t r e s s - de f o r ma t i o n  cu rv e  
3.2. Fragmentation rate analysis 
The brick broke up into pieces under the compression of the universal test machine, the structure of the brick 
changed dramatically which will influence the mechanical properties of the brick, this mainly because the gas and 
the water recomposed in the structure and that makes the friction and the slippage decreased.  
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        F i g .5  fragmentation rate curve ( 1 0 0 0ć )  
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Collect the fragments of the brick after the compression and get their qualities, then the debris rate X and the 
fragmentation rate α can be calculated [5]. Fig.5 shows the relationship of fragmentation rate α and constant 
temperature time with different fire-water sprinkling.  
Fig.5 shows fragmentation rate increased with much constant temperature time, and the fragmentation rate 
increased with much fire-water sprinkling at the same constant temperature time. In the condition of 60 min constant 
temperature time, the fragmentation rate Į=0.53242 higher than the fragmentation rate Į=0.46770 which brick has 
100ml fire-water sprinkling and 30 min constant temperature time, that means there will be more fragments with 
much constant temperature time, and the fragmentation rate will increased with much constant temperature time and 
more fire-water sprinkling. 
4. Conclusion 
Though the state has prohibited of using clay bricks to build house, the bricks are still used widely in the 
countryside house and rural enterprises. This kind of buildings increase the risk of collapse after fire, and it is crucial, 
especially for fire fighters, to judge whether the building can be maintained after fire. An important finding is the 
realization that clay brick will lose the capacity of supporting to the building at high temperature, and the fire-water 
sprinkling will speed up the collapse of the buildings in a short time. 
In conclusion, the deformation and rupturing of the brick is crucially based on whether the fire-temperature is 
reached and the capacity of fire-water sprinkling to be used. More fragments means the capability of the mechanical 
properties will get worse. In order to collect relevant data resources of the clay brick under high temperature and 
certain conditions, further research and discussion need to study. 
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